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FOREWORD

The orlglnal work that resulted in the Data Retrieval and
Processing System was conducted by the Hamilton Standard Division
of United Aircraft under Contract No. —19 -129-AMC-603(N), PrOJect
No. 1K6h332LD587 Project Officer and Alternat;.Proaect Officer for
the U. S. Army Natick Laboratories were Mr Mat*hew Venetos and Mr.
Denis O'Sulllvan, both formerly of the Englneerlng Sclences Division
of the General Equlpment and Packaging Laboratory.

Subsequent 1nvest1gat10ns and reflnements, funded under Progect
‘No. 1J662708D552, were conducted by Mr. Cllve Nlckerson, Pr1nc1pal

Investigator, formerly of the Engineerlng Sclences D1v1S1on of the |

General Equipment ‘and Packaglng Laboratoryf
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DATA RETRIEVAL. AND PROCESSING SYSTEM

A USER'S GUIDE

T P T R

 TRTROBUCTION

This system is intended to reproduce data acquired by magnetic tape
recorders installéd in shipping contéiners. The parameters recorded are
impact velocity, temperature, humldlty, statlc force and dynamic load as
a function of time. e .

Data is recorded in form of pulsggﬁﬁhoeelenﬁiitﬁde énd'polarity'is pro-
portional to the parameter being measured. .

Recordings are made with the tape in stationary position. The tape moves
1.6mm between data pulses. R

. Impact helght 1s computed by the system from the three axis 1mpact height
components. . : ,

This data retrieval system accepts four parallel data. channels which
are recorded on magnetic tape. K Three of these contain analog data and
the fourth channel contains tlmlng 1nformation. ‘Each analog data point
consists of either a positive leadlng and a negative lagging or a negative
leading and a positive lagging pulse in which the peak magnitude is propor-
tional to some physical quantity. The amplitude and polarity of the leading
data pulse is recognized, measured and recorded by the system. A fourth
analog data channel is generated in the system by combining the height
vectors from the three height channels. At least one of the four input
channels from the tape must contain information before the system will
generate a read command. An uncertainty of pulse polarity and amplitude
exists when. first starting the system. Therefore, the first data point
into the system from the tape after start-up is used to reset the system
to its "ready” state and consequently is not recorded.

GENERAL DESCRIPTTION

" The system consists of a control panel, a tape playback unit, a
programmer, an analog-to-digital converter, a high-speed electro-optical
printer and power supply racks.

With the exception of the programmer and the control panel, all
equipment was commercially available.

The programmer serves to interface and control the various equipment.
Some special circuitry used in this unit for signal conditioning and con-
trol are built on plug-in boards similar to the purchased logic plug-in
boards.
1



SPECTFICATIONS

Input voltage range to programmer +.0137 to +2V.
Tape playback speed 1-T/8 IPS (h.?Scm/sec).

Logging Rate - 30 Lines /Sec. /150 data channels/Sec. nominal - 100
Lines/Sec. maximum."’

System accuracy +1% FS (excludiﬁg ta;be playba'ck equipment)
Linearity +.1% FS best straight line.

Stability .OS%/Day constant temp.
.01%/°¢

Input power 105-135V, 1O0A at 60 HZ.
Number of input channels° 3 data channels plus time channel. >A foﬁrth

data channel is generated internally by combining drop height vectors
from the 3 1nput data channels. .

In order that tape drop-out errors be reduced to a m1n1mum B a high quallty
1nstmentat10n tape should be used for recording the data.



IHEORY OF OPERATTON

For the dlscu531on that fcllows refer to the system logical schematic
11- 1-2505 and- the tlmlng dlagram 11-1-2506 avallable in appendix.

A. POLARITY SENSE AND GATE GENERATION

Iet it be assumed that the system is in the reset state, that a data
point from channel 1 is entering into PBl1Al and that its leading pulse is
positive. The pulse is amplified by the peak memory driver FPB1Al and
applied simultaneously to the. peak memories and the polarity sense zero
crossing detectors. Operational trigger PB3A2 is-biased to saturation by
a negative bias potential, PB3Al is biased to satyration by a positive
bias. The positive incoming pulse will overcome {he negative ‘bias on
PB3A2 and PB3A2 will switch states causing one shot PBehSSZ to generate
a 5 microsecond pulse. This pulse is used for setting the positive peak
memory store flip-flop, reset the 'system if this is the first data pulse
entering the system after start-up, or 1n1t1ate a prlnt command through
PB30SS2. L o .

The positive pulse that triggeredﬁPB2hSS2fis also~applied to PB3A1,
but since this operational trigger is already saturated by a positive
forward bias it will have no effect on the output of this operational
trigger. : ; L

The 5 microsecond pulse from PB24SS2 is: applied simultaneously‘to
PB2TNAND? and PB32ACOR1-4. Input 9 of PB2TNAND2 is forward biased by
PB23FFl. The. incoming pulse to pin 8 of PB2TNAND2 will pass through
PB2TNAND2; PB23FF2 will be set and the positive peak memory will be
unclaemped which allows the storage capacitors in the memory to charge
the peak amplitude of the positive incoming pulse. A short time later
the negative pulse of the data will trigger PB3Al by overcoming its
positive- bias, PB3A1 will switch states and generate a 5 microsecond -
pulse via PB24SS1. This pulse, however), is dignored since PB2TNAND1
in inhibited by PB23FF2 being in the set state. For a negative
initial pulse PB23FFl would be set flrst and would 1nh1b1t PB2TNAND-2
and the positive peak memory. - :

B. INITIAL SYSTEM RESET

The system becomes operational when SW3-is actuated. SW3B opens
to forward bias PB20NANDS to permit. contrql-gates-to initiate printing
‘action, and SW3A closes to discharge Cl. .jWhen Cl discharges, a pulse
is generated that resets ‘PB26FF3 and triggers PB51SS3 to generate a
15 microsecond reset pulse that is applied to'all flip-flops and the
printer. This pulse closes thé peak memory clear gates and resets them
to zero. . It resets the sequencing flip-flops in the multiplexer so
that switch Chl is closed and it resets the printer to' column number 1.
The first pulse from PB32ACORL-4 will set  PB26FF3 and trigger PB30SS2.
In setting, PB26FF3 will trigger PB30SS1. A 10 millisecond pulse
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is applied to pin 6 of PB20ONAND5 from PB30SS1l, via PB311Al. The 10
millisecond pulse inhibits PB20NANDS; herice the first initial print -
command is inhibited. The lagging edge of the 10 millisecond pulse -
triggers PB51SS3 to generate a reset pulse for resetting the peak
memories that may have been charged up by the first data pulse.

C. PRINT CYCLE-

Subsequent pulses coming from PB32ACOR1-4 will not affect PB26FF3;"
but these pulses will .trigger 2 millisecond: time delay PB30SS2. The -:
function of this time delay-is twofold. TFirst, it gives sufficient
delay for the:counter to register thé timing pulse .end secdond, it glves
the peak memoM sufficient time to charge to the peak value 1n the.
event of tape head mlsallgnment

At the end of the two-millisecond delay ‘PB30SS3 is’triggered and
generates a 5 microsecond pulse which resets and sets PB26FF4. 1In
setting, PB26FFL triggers PB51SS2 via PBUSDCORS, PB31IA3 and PB51SS1.
The output of PB51SS2 is the print command to the printer. Upon re-
ceipt of the initial print command, the printer prints column No.. 1l
which is the thousands digit for the time. It is obvious that more
than one pulse can come from PB32ACOR1-L4 in any given print cycle.:

But only the first pulse initiates the print cycle because once
PB26FFL sets, addltlonal pulses to 1ts set 1nput have no effect on
its state

When the prlnter is reset, it moves to column No. 1, PB33AND1 is
activated, and it in turn activates gates PBUOANDS through PBLEANDS to
couple the binary bits of the thousand digits on the time counter to the:
printer via DCOR gates PBMEDCORQ through PBY4SDCOR2.: After printing the -
thousand dlglts in column No. l, the printer will move to column No. 23
in doing so PB33AND1 will be inhibited and PB33AND2 will be activated.
Gates PBLOANDS through 8 will'be inhibited and gates PBLOAND1 through L4
will be activated and binary information of the 100 units of the time
counter is coupled to the printer. On activation, PB33AND2 will also
trigger 10 microsecond delay PB51SS1; after 10 microseconds PB51SS2 is
triggered which in turn generates a print command, so that binary
information on column No. 2 is printed. The 10 microsecond delay of
the print command is necessary to allow binary information coupled to-
the printer to reachssteady state.  Upon printing of column No. 2, ‘
columns No. 3 and 4 (10's and units) will be printed in similar manner.
After column No. 4 has been printed, PB33ANDL is inhibited, and
PB3UAND1 is activated. A digitize command is now applied to the ADC - .
converter through PB4SDCOR. Upon receipt of this command,:‘the ADC will
digitize the data of channel No. 1; "After completion of the digiti-
zation cycle, the ADC delivers a "space" command to the printer. . The
printer lesves a blank on column 5 and moves to column 6. Gate PB34AND2
%ill now be activated which in turn will activate gates PBUSAND1 through -
4 to couple to the printer binary information representing polarity sign
of the first channel. The 10 microsecond print command delay is also

L



triggered so that &t the end of 10 mlcroseconds the printer will print
either a blank indicating a positive quantity or a minus sign for a
negative quantity on channel No. 1. At the same instant the sign polarlty
gates PBLOAND] are activated, PB19FF1L is pulsed causing the sequencing
flip-flops to open channel 1, the system Wlll ‘proceed to print the 100's,
10's and units on the ADC in & similar manner as for the time counter.

On columns No. 10, 15 and 20, the ADC will receive a command to digitize
and on columns 11 and 16 the sequencer will recelve a command to step to
channels 3 and 4 respectively.

It height data is not requlred sw2 1s set to the four chennel mode.
When the printer reaches column No. 20, the output of PB3BAND: is coupled
to the reset line through PBhEDCORS, PB3IIA2 and PBSTDR2. The system
now is reset; that is, the peak memories are discharged (Set to zero);
the multiplexer is set to channel 1; PB26FFh sets to await the next
initial print command, and the prlnter resets to a new line and column
No. 1.

When height computation data is required, the system will print 5
channels of information, and- system reset will occur when the printer
reaches column 2k.

The column decoder gates, EB33AND1 through PB39ANDh, provide a
digital feedback loop with positive control on the entire system.
The entire system is reset for each ‘line of recorded data and cannot
remaln out of synchronization for more than one line of prlntout.



'DESCRIPTION OF EQUIPMENT

The Monroe MCLOON optical ?rinter is capable of ?rintingvup to 100
lines per second. It accepts four parallel hit characters serially with

=12 volt true logic and¢OV;false logic. Printing is done on Kodak
Linagraph Direct Print oscillograph;paper,‘type 1855, Spec. 111. .

The analog-to-digital convertor (ADC) is a Beckman Model LOLOA which
~accepts 10 volts full scale input with a 1.33K per volt input impedance
and has an 8-4-2-1 binary coded three-digit decimal output (13,binary
digits including the sign). The output of this unit is also -12 volt true
and O volt false. The maximum time per conversion #% 51 microseconds. .

Temperature and humidity plotter outputs are provided for graphically
recording the history of a package over the time of shipment or storage.
A Honeywell Electro Instruments Model hOO'ﬁlotter is used with vertical
differential amplifier (maximum sensitivity: 1 mv/inch) and time base
(0.02 to 2 inches/sec.) plug-ins. Response of this wnit is 3 db down at
5> Hz. Plots are made on 11 x 1T inch graph paper. o S

A description of the programmer and its function for system control
and interfacing of .equipment is given in the "Theory of Operation” sec-
tion. For more detailed information on the other units, the manufacturers'

~manuals should be consulted. . .. . " o

DESCRIPTION OF PLUG-IN MODULES

A description and. function of the analog modules and multiplex
-switch is given in this manual. Plug-in digital modules are described
in the manufacturer's module manual which should be referenced whenever
information is required on the digital modules. These modules are
generally of the DTL type, using discrete components and -12 volt true
and O volt false logic levels.

CONTROL PANEL - 11-1-2518

As the name implies, this unit provides the necessary controls for
turning the power on and off, selecting the mode of operation, starting
and stopping the system, and selecting the desired channel for monitoring
on the scope. '

On depressing the lbg/standby switch for the logging operation, the
unit first starts the tape transport. After full speed is reached by the
tape transport the unit resets the system and activates NAND gate
PB20NANDS in the programmer to allow logging operation. On setting the
system on ”standby", the print control gates are first deactivated, then
the tape transport is turned off. This procedure avoids erroneous print-
outs of data.



Control of the system is accompllshed as follows:

When SWl is pressed tq the "1og p031t10n, c1 charges through SW1A
CR1 and R2 and K1 energ1zes. SWI1C closes and the contacts of K1 open to
turn on the tape transport. C2 also charges, but at much lower rate,
through Rl and CR2. After about one second delay, the voltage across C2
overcomes the zener voltage of CR3, and K2 is energized. K2 energizes
mercury relay K3. When K3 is energized, pin No. 5 swings to -12V to
activate the print control gate PBEONANDS in the programmer. Pin No. 3 is
shorted to ground. C3 delivers a positive pulse to the programmer for
resetting the system.

»*

When SW1 is set to. the standby position, K3 de-energizes. PB20NAND5
in the programmer is inhibited, thus preventing initial print commands
from reaching the printer. Ihe charge on Cl prevents K1 from de-ener-
gizing until a few milliseconds later. This guarantees that the tape
transport is always at full speed while the system performs the logging

. - operation. . Mode control is accomplished through SW2A and SW2B by

'g connecting the reset gate to the proper column on the column decoder

gate. Deck SW2C switches the correct scaling factor the output amplifier,
thus m1nim1z1ng calibration time when switching tapes.

The lines of'SWh termlnate to the output of the tape preamplifier.
The arms of SWh terminate to the osc1lloscope, thus permitting channel
monitoring.

SW3 is the time override switch. .If it is necessary to stop the
logger and restart it on the same tape, SW3 is set to "off" position.
This will prevent the time counter from resetting to zero when restart-
ing the logger.

' PEAK MEMORY DRIVER - 11-1-2508

This unit amplifies the incoming signal and has enough drive capa-
bility to rapidly charge the peak memories. without overloadlng It
also drives the zero crossing detectors. )

It consists of an operatlonal differential amplifier Al whose gain
is fixed by Rl and R2. The gain of this ampllfler is equal to (R1L +
4R2)/Rl -A 1.5-volt signal to the input will glve a full scale reading
@oxany scale. The three boards this unit drives must be D.C. isolated
"from each other.. ‘Capacitors Cl to C3 are used to provide this isolation.

PEAK MEMORIES - 11-1-2515

This c1rcu1t is used for storlng the data pulse amplitude until
logging is completed. .

The peak memories consist of rectifier diodes for polarity sensing,
integrated chopper for clamping and an operational voltage follower. The
rectifiers CR5 and CR6 are forward biased with approximately 0.4VDC to
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overcome the diodes forward barrier voltage. This bias is obtained fromthe
15 t volt supplies and is developed across CR2 and CRt. The change in

the voltage drop across CR2 and CRL Wlth temperature, temperature compen~
sates the rectifiers.

Assuming a positive leading data pulse, the bases of Q1 and Q3 will
be driven positive. This will cut off Q1 and Q3 and allow the peak
memory capacitors Cl and C2 to charge to the peak value of the 1ncom1ng
pulse. One half of the amplitude is applied to the operatlonal voltage '
follower. The output of this unit is the data s1gnal applled to the ADC
via the output amplifier.

For a negative leading data pulse, the negatf%e sw1tches Q2 and Qh
open to allow C3 and cL to charge.w

At the end of the logging cycle: the bases of Q1 and Q3 are driven
positive. Q1 and Q3 conduct to discharge the peak memory capacitors Cl1
ard C2. The function of Q3 and Q4 is to prevent the operatlonal followers
Al and A2 from drifting due to leakage currents that ‘can flow 1nto Cl and
C3 from Al and A2 respectively.

Resistors R6, R7, R1l and R15 serve to l1m1t the dlscharge currents
from the peak memory capac1tors into the integrated choppers. RS and
R1Y4 1imit the charging current that can-flow from the peak memory drlver. :

¢ The peak memories are capacitively coupled to the peak memory drlver
The coupling capacitors accumulate a small charge during the leadlng
data pulse. Rl CRl and R9 CR3 act to remove thls charge during the
lagging data pulse period.’ =

The peak memory is adJusted for zero output with zero input as
follows:

Apply power and let stand 1/2 hour. Bemove the tape- that may be on
the tape deck and depress the ™Log™ switch. Adgust R8 and Rl6 fOr zero
output at TP1 and TP2%~

 ZERO CROSSING DETECIORS - 11-1‘-2510 ‘

These units sense the polarlty of the 1ncom1ng pulse and perform a
switching function when the incoming pulse exceeds 0.137 volts. The .
output pulse from these units is used for opening: “the peak memories and
to initiate a readout cycle.

Each unit consists of two hlgh-speed high-gain dlfferentlal ampli-
fiers in a positive feedback loop. The output of these ampliflers
switches rapidly from plus to minus or from minus to plus when the input
exceeds a certain threshold.



The threshold voltages of O. 137 volts are obtained from the +15 V sup-
plies and voltage d1v1ders Rl, RZ, 3 and Rh

Al is biased with 0.137 V from the Junctlon of Rl and R2. Positive feed-
back is applied to this unit from the junction of R10 and R11. With zero
input to pin No. 8, the output of Al is-at the <11 to -14 volt level. When
a negative input voltage to pin No. 8 exceeds the positive threshold volt-
age of 0.137 by about 10 MV, the output of Al SW1tches from minus to plus
11 to 14 volts. : '

A2 is biased with- a negative bias of 0.137 V. Its output with zero
input is +11 to +14 V. When the input to pin 8 is greater than 0.137 volts,
A2 switches from plus to minus 11 to 14 V.  An invewter consisting of Ql,
CR5, R16, R1T7 and R15 follows A2, It is necessary to invert the palse. from
A2 since the logical circuitry following these units responds to positive
going pulses.

CR1 through CRL prevent damage totthe'amplifier»through excessive
input voltages.

This unit is 1n1t1ally ‘adjusted as follow3°

With power applied, the plus and minus inputs of each ampllfler are
shorted to the common. R9 and.BB are then adjusted until the output of
each amplifier is zero, as measured at TPl and TP2.

OUTPUT AMPLIFIER»-_11-1-2512

This unit combines the negative or positive data input from the peak
memories and provides the necessary scaling of voltages for readout in
engineering units by the ADC.

The input data voltage is divided by Rl, R2 and R4 and is reamplified
by Al to the proper level. The correct scale factor is selected by
energizing one of the three relays. This connects the feedback resistors
around the amplifier for proper scaling. :

The gain of the amplifier at elther input while the other is shorted

is given by ‘
" /Rs +Re)/ RL
A =\ 35. (Rin+ R4

Where Rf is the feedback resistance, R6 + RT, for example. When K2
is energized, the amplifier is scaled to read temperature in degrees F.

With zero 1nput the amplifier output is -.5 V representing -50°F The
transfer function of the amplifier under the “temperature mode is given by

Eog = .25 (El - 2.0)
The 2.0 V offset is provided by the R12 - R13 divider. Negative tem-
9



peratures from -50°F through -IQF will print out-950 thréugh 999. Sub-
tract print-out from 1,000 to determine the correct value in this range.

These units are initially adjﬁéted,as follows: Pins 8 and 10 are
shorted to common. R3 is then adjusted for zero output,onvping16, N

An adjusteble zero offset is provided in the drop heighﬁvbléyﬁack
mode to compensate for any apparent negative offset caused by the non-
linearity on the lower part of the drop height-playback voltage.

Adjustment procedure 1s as follows: . |

1. Graphical determination of interéept'of'drop height-piaybéck
vaoltage curve by extension of linear portion of the curve through the
zero drop height line. :

2. Computation of equivalent print-out‘from the intercept,value,_
Print-out = 320 x Intercept (volts). '

3. Setting of the extra Potentiometer (mounﬁed on.an qpératidnai
amplifier) on PB9 so that with zero input into PBL, PBY ‘and PB1k, the
print-out in channels 1, 2 and 3 agrees with the determined print-out..

For calibrationAbf-these'Unité‘refer'to”the calibration pro- -
cedure. )

MULTIPLEX SWITCH - 11-1-2517

'Ehisvﬁnit,sequéntigliy connects the four.datéféhanﬁels foitﬂé ADC
for digitalization. .-

- chopper bases. The logical connection to the sequence NAND gates are
such that only one integrated chopper is forward biased at any, one time.
When the system is in reset state, Q1 is forward biased with the remain-
ing integrated choppers off. ' '

- The inputs from the sequence NAND gates .are fed to the integrated

The conducting chopper has an "on" resistance of about 10 ohms
with a typical offset voltage between E1 and E2 of less than. 5 MV. The
"off" resistance of these units is greater than 500 megohms .

PEAK MEMORY SWITCH DRIVER - 11-1-251L

This circpitjconverts the memory seﬁ,flip—flop voltage levels to-
those required for driving the integrated chopper clamp. : ‘

When QL and Q2 are bff, their collector véltage swings fo the
+2h v supply, opening the integrated choppers in the Peak memory.

The drivers are cut off when ﬁhe ihput tb the bases is between
-9 to -12. They become saturated when the input to their bases is

-10



at ground potential. When the drivers are driven to saturation, their
callectors swing toward -9 V DC. This forward biases the integrated
choppers in the peak memories and prevents the memory capacitors from
charging. ’ ' A Co - :

Three similar units are built on a single plug-in board.
ARBTTRARY FUNCTION CIRCUIT - 11-1-2511

This circuit Has an adjustable transfer characteristic consist-
ing of eleven straight-line segments whose slopes are set by
potentiometric screwdriver adjustments on a PhiIbrick/Nexus SPFX-P
arbitrary function transconductor module. The initial slope is fixed
at 459 by a 20K resistor across pins 9 and 10 of the SPFX-P module.

A differential subtractor amplifier (PBXOl) is used to allow arbitrary
conditioning of both positive and negative outputs of memory, and an
additional inverting amplifier (PBX02) follows the module to allow
both positive and negative changes in slope.

These features are incorporated into the read-out unit to allow
compensation for non-linear playback hehavior. Setting of the
arbitrary function sdithat it is the inverse of the input function
serves to linearize the overall characteristic. ' '

The initial slope interval is between 0.0 and +0.5 volts ~
input. Subsequent segments are in 1-volt input increments up to
9.5 volts. The final segment is from +9.5 volt to 410 volt input.
The largest incremental slope change allowed is 0.LV/V.

The procedufe for use of this circuit follows:
1. Draw the inverse of the function to be fitted.

2. Determine the incremental s;dpe'changes necessary‘to,
obtain the inverse. A

3. Using the test card in place of the peak memory board in
the channel to be adjusted, feed in a. low frequency sine wave of
8 volts peak amplitude into the memory No. 1 terminal while grounding
memory No. 2 terminal on test card. h
L. Monitor input (sine wave) and output ef arbitrary function
circuit at test point on PBS, PB1O or PBl5 using an X-Y oséilloscope
display. ’ o

5. Adjust SPFX-P module by setting potentiometers 1 through

8 in order, so that the incremental slopes on the X-Y display agree
with those determined for the function inverse.

11



 SUMMING AMPLIFIER - 11-1-2509

This unit sums and scales height inputs. It performs the mathe-
matical operation of

Vo = A (VIL + V22 + V33)

Where V11, V22 and V33 are the voltages from the erbitrary
function circuits, the output of this amplifier is then analog to
Ve+v2+ve o

v ¢ 43 o= by h§'+ h,

: che= g

The gain of this stage is given by

A - BR6+RT+RE
R

This unit is 1n1t1ally adgusted as follows Pins 8 9 and lO g
are shorted to the common, and R5 is adgusted for zero output at’
TP1. When shorting pins 8, 9 'and 10 to common, be sure the arbi-
trary function circuits, are removed. or~dlsconnected from these L
pins.

‘ COﬁUMN'GATE>DBIVERHf'11-142507

This circuit is used to 1ncrease the dr1v1ng capablllty of
the printer column decoder lines.

The driver is a Darlington, complementary push-pull emitter
- follower capable.of driving 90 AND gates. CRl and CR2 provide a,
slight forward bias to the drivers, Q2 and Q3, to increase the
~unit's speed of response. In the event the drop across the biasing -
diodes is high compared to the forward base drop of Ql and Q2,
R4 1imits the. collector current of Q1 and Q2 from becoming‘hlgh
while the. driver is- in its. qulescent state. Rl limits the power
-dissipation and collector current of Q2. The voltage gain of
this circuit is between 0.85 and 0.95 With 0 'to -107V at the base

of Q1 and a.120 ohm load at the output._

“ . . . i

CALIBRATION PROCEDURE

After -a half-hour. warmup period the read-out. unit should be )
callbrated according to the following procedure , '

i Zero amplifiers in the following sequence wiﬁhlfhe
irputs to channels 1, 2 and 3 all shorted to ground.

12



a. TInput emplifiers (PBl, PB6, PB1l)

b. Memories (PB2, PBT, PB12)

c. PBXOl outputs (use test card)

d. PBX02 outputs (use test card)

e. Arbitrary function output (FB5, FB1O, PB15)

£. Output amplifiers (PBL, PB9, PB1h) (Set to load mode and use
test card.)

g. Summing amplifier (PB16) (Set to load mode.)

2. Check and adjust the arbitrary functions using a sine wave input
into the test card for linear transfer characteristics or adjust to the

desired non-linear characteristics.
{ ”

3. Check and adjust the offset for zero in the drop height mode or
adjust to desired offset.

L. Set the mode switch to drop height and feed in a 1.5 volt, L0O
microsecond, 30pps pulse train into channel number 1 while other channels
are shorted. -

5. Adjust the output amplifier (PBL4) drop hight potentiometer and
the summing amplifier (PB16) potentiometer for pint-outs of 480.

6. Repeat 1. through 5. for channel 2 (PB9) and channel 3 (PB1k4).
7. Switch to the temperature/humidity mode.

8. Feed the above signal into channel 1 and adjust the output
amplifier (PB4) temperature potentiometer for print-out of 150.

9. Feed into chanpel 2,and-adjust for a print-out of 100.

10. . Feed into channel 3 and adjust for a print-out of 600.
Before each use of the read-out unit to retrieve drop height or .
temperature/humidity static load information, the playback tape deck .

- output amplifiers should be adjusted to yield 1.5 volts out for the:
following recorded information that is applicable: o :

Drop Height 48 inches (122cm)
Temperature - 150°F (65.6°C) |
Humidity 100% o
Static Léad ’ 6,000 pounds (2,718 Kg)

.13



OPERATING INSTRUCTIONS -

1. Turn on power on all equipment and allo% 1/2;hour:warmup‘on standby
mode. P . .

2. Place data tape on tape deck;v

3. Place all tape deck push button controls onjthéir "off" pesition.

L, . Select the mode of operation to correspond to the data tape'with the
mode selector switch on- the control pane;. v : :

R

5. Depress the standby-log switch to the log position for commencing the
logging operation. . . . . e ;

6. The system will automatically cease logging when the tape reel is
finished. . e = : ' : L ‘

7. To stop the logging cycle, deﬁfesé:the's%andby-lbg switch to the
standby position.
TROUBLE SHOOTING

Trouble shooting time can be shortened considerably if it is Well
understood how the system functions. Therefore, the system description
and logical schematic should be carefully studied, Once the system is
well understood, "effect-to-cause" reasoning and through waveform

observation at various test points. provided should quickly locate the
defect. S SR S y . s -

The first steps in trouble shooting should be to check all power
supply outputs. In many cases, a readjustment of power supply settings
will correct the malfunetion. - , e S : .

Because semiconductors are used -exclusively, resistance measurements
on a normal or defective circuit.can exhibit a wide range of deviations,

depending on the ohmmeter used, polarity;connections, and the, ambient
temperature.  Resistance measurements -are not recommended. A good .
oscilloscope with 2 or more simultangdus © traces is the most effective
service tool for localizing the trouble. B '

The defective circuit or unit céh be easily traced by referring to
the timing waveform diagram drawing 11-1-2506 and 11-1-2516.

When trouble is located in one of the commercial ﬁnifs;'the
manufacturer's manual for that particular unit should be consulted.

Tt is recommended that the circuit used for calibrating the system
be also used for trouble shooting. The normal waveforms at various
test points specified on 11-1-2516 with the input data pulse on channel 1
are shown on this drawing.

1k



If printing action stops after printing the time channel or at
columns No. 5, 10, 15 and 20, the trouble is either with the column
decoder or the ADC. If no readout occurs or the system stops at
some other column, the trouble is either in the column decoder or the
printer.

With a negative input data pulse, waveforms No. 1 and 2 on
11-1-2516 are reversed in polarity.

Waveform No. 2 appears on PB2TP2. Waveforms 3 through 6 appear
on PB3TPl, PB24TP3, PB2TTP6 and PB23TPL, respectively.

. e
Waveforms 7 through 21 will appear at the same test points,
regardless of the channel being tested or the polarity of the input

data pulse.

The waveforms shown on timing diagram 11-1-2506 are essentially
the waveforms that appear on the column decoder. Waveform No. 1,
for example, should appear on PB33TP6. Waveform No. 5 appears on
PB3LTP1, PB3TTP6, PB38TPL and PB39TP4 with one pulse on each test
point for every readout cycle.

The table which Pollows lists the programmer test points for
waveforms 1 to 6 for checking out the three channels with negative
and positive data pulses. All waveforms should have similar
characteristics shown on 11-1-2516, except waveforms 1 and 2 should
be reversed in polarity with negative input data pulses.

o Waveforn No.
Input Data Pulse 1 2 3 Y 5 6

Ch. #1 Pos. PBI1TP1 PB2TP1 P33TP2 FPB2UTP2 FB2TTP5 PB23TP3
Ch. #1 Neg. PBITP1 FB2TP2 FB3TPL PB2LTP3 PB27TP6 PB23TP4

Ch. #2 Pos. PB6TP1  PBYTPL - PBSTP2  PB2UTP1 FBRTTP3 FB23TPL
Ch. #2 Neg. PB6T1?1 PBTTP2 PB8TP1 PB25TP3 FPB27TP4 PB23TP2

Ch. #3 Pos. PB11TP1 FPB12TP1 PB13TP2 FPB25TP1 PB2TTP1 PB26TP3
Ch. #3 Neg. PB11TP1 FB12TP2 PB13TPl FB25TP2 FPB2TTP2 FPB26TPL

DATA RECORDING AND PLAYBACK

Tt is recommended that the recording head gap be 0.001" (.025mm).
A wider gap will cause cross talk between channels and partlal erasure
from data point to data point.

A smaller recording head gap will reduce the pulse width. This will
require shorter peak memory responses, which could result in poorer noise
rejection by the system and also increase tape dropout errors.

15



The reprodice heads should have a narrow gap’ for good high frequency
response. The lb-channel standard playback heads as installed by Precision
Instruments on their tape transport units are satisfactory in this respect.

16



LIST OF PLUG-IN MODULES REQUIRED FOR PROGRAMMER

Programmer cabinet is Raytheon MCR-TS-SOO

No. v Drawing or

Type Required - Manufacturer
@pG2-.2 10 Diode AND Gate N ' Raytheon

GDG3-.2 L D.C. OR Gate - = ' Raytheon

GFF1-.2 3 Flip-Flop ' " Raytheon
G1G1-.2% 2 A.C. OR Gate = *" . ' Raytheon

G0S3-.2 L One Shot E ~ Raytheon

GNA1-.2 2 NAND Gate " Raytheon

GSTR-.2 1 Schmitt Trigger " Raytheon

GDC1-.2 L Decade>Coun£ér o ' Raythéon

GAI2-.2 a1 Tnverting Amplifier - Raytheon

GRG1-.2 1 'Reset Gate : ’ ~ Raytheon

700125 3 Pesk Memory Driver H . Hamiltén‘Standard
TO0131 1 Peak Memory Switcth?iver” _ﬁamiltoﬁ.Standard
700132 3 Péak Memory } I !Hamilton Standard
700127 3 Zero Crossing Detector | _ Hamilton>Standard
700128 3 Arbitrary Circuit ,,‘ Hamilton Standaié
700126 3 Summing Amplifier ~Hemilton Standard
T00129 1 ‘Output Amplifigr(. : ‘.Eamilton Standérd
70013k 2 Multiplex Switch v | . wHaﬁilton_Standard
70012k 4 Column Gaﬁg Driver <'.‘__ :\‘Hamiltéﬁ Standard
700137 . 1 _‘ A.C. OR Gate 1“ | | ﬁamilton Standérd
700139 1 Tow Pass Filter ﬁamiltoq'Standard

%*One of these gates is modified per Drawing 11-1-2520.
1T



Number

11-1-2505
11-1-2506
11-1-2507
11-1-2508
11-1-2509
11-1-2510
11-1-2%11
11-1-2512
11-1-2513
11-1-251k
11-1-2515
11-1-2516

11-1-2517

11-1-2518
11-1-2519

11-1-2520

11-1-2521

11-1-2522

Model LoOLDA
Model 4000
Model PI6001

Model SPFX-P

M

CPM 3001

Modules Manual - Raytheon

LIST OF DRAWINGS AND MANUALS
o T_i_E}E NS :

System Iogical Schemafic o
Timing D:'Lagram
Column Gate Driver PBU8, PBL9, PB50 and FB5T
Pesk Memory Driver PBl, FB6 and PBll
Summing Amplifier PB16 R
Zero Crossing Detector & Gate Generator PB3, PB8 & PB13
Arbitrary Function PB5, PB10 and PB15 ..
Output Amplifier PB4, PB9 and FB1lk
Programmer Power Supply Connec;tions. -
Peak Memory Switch Driver PB28 . |
Peak Memory PB2, PBT and PB12 .
Trouf_blé Shooting Timing Diagram .

Multiplex Switch PB17 and PB18

" Control Panel
- P}bgréxﬁmer Wiring' Diagram '

A.C. OR Negative Input PB32

Sys"tem Wiring Diagraln |

‘Recorder Filter FPB21

" ADC Manual, Beckman Instruments

Printer Manual, Monroe Data/Log.

'Tape Transport Manual, Precision Instruments
~ Arbitrary Function Transconductor Philbrick/Nexus

" Power Supply-Series-Specificatidns, Lambda Electronics

18



APPENDIX

ELECTRICAL SCHEMATICS
US ARMY NATICK LABORATORIES DRAWINGS

11-1-2505 THROUGH 11-1-2522
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